Abstract. Mixed copper-cerium oxides were prepared by two methods leading to different wpper species in the as-prepared material. At the catalyst operating temperature (300400°C) and above, the same copper species was present irrespective of the prepration technique. A solid solution having the same fluorite structure as that of pure CeQ was formed and remained stable after calcination to 100O0C. At temperatures in excess of 600°C the formation of a CuO phase was also noticed. Catalytic activity of the mixed wpper-cerium oxides for the oxidation of CO to CQ proved very favourable even under 02 poor conditions. Activity decreased with in-ing calcination temperature as the material sintered and lost surface area, and the copper species deactivated through formation of CuO. The impoltance of EXAFS as an analytical tool in ascertaining the nature ofthe copper species at the catalyst operating temperature was Wghted.
INTRODUCTION
Cerium (IV) oxide, ceria, is widely used as a support for current state-of-the-art Pt and Rh based automobile catalysts [I] . However, due to the ever increasing demand upon expensive PGMs, viable alternative non-noble metal catalysts are being sort. Ceria exhibits two features that make it a promising material for use as a support for such a redox catalyst. Firstly it has the ability to shift easily between C e Q and depending on whether it is present in an oxidizing or reducing atmosphere; and secondly, it contains numerous oxygen vacancies within its structure leading to high oxygen mobility [2] . Research into doping ceria with other metals such as Hf and Zr has already proved promising [3] . We describe here the preparation, chamcmbtion and testing of copper dopd cerium oxides for use as automobile exhaust gas catalysts.
EXPERIMENTAL
Mixed copperanurn oxides were prepared via two routes: impregnation and copmipitation. Impregnation involved stirring cerium oxide powder in an aqueous solution of Cu(NCh)z.6H& of an appropriate concentration for 24 hours, followed by filtering and drying. Coprecipitation was achieved by adding ammonia Qopwise to a vigorously stirred aqueous solution of Ce(N0&.6H20 and C U ( N~)~.~H~O of the desiired ratio. After precipitation the was centrifuged, washed and dried for 24 hours at 100°C. AU samples were calcined for 18 hours at temperatures of300,600 and 1000°C. The samples were characterized by surface area PET) measurements, ESR, FTIR, powder XRD and EXAFS. M y t i c measurements were carried out on a quartz microreactor (10mm ID, 35cm long) loaded with 0.50g of catalyst, packed at either end with silica powder (4060pn mesh). An inlet gas composition of 30% CO, 15% 9 and 55% N2 was chosen to obtain stoichiometric oxidation. Both inlet and outlet gas compositions were monitored by FTIR.
RESULTS AND DISCUSSION

X-Ray Diiraction analysis
Powder XRD patterns were obtained of samples calcined at 600 and 1000°C. The cubic pattern of ceria (fluorite structure) was most prominent, but a second phase of CuO was also discernable at both temperatures. A shifting of the ceria peaks to JOURNAL DE PHYSIQUE IV mirrored in the BET analysis. A BET surface area of 180mZ/g for an as-prepared coprecipitated sample, decreased to 106mZ/g upon calcination to 400OC.
EXAFS
Extended x-ray absorption fine structure spectroscopy was used to iden* the nature of the active copper species present within the catalyst at each calcination temperature. For the impregnated samples, the copper appeared to be present in a hydrated surface species in the as-prepared state, and underwent incorporation into the ceria lattice with temperatures reaching 300°C. After calcination at 6W°C, the formation of CuO was noticed, but this was not at the expense of copper within the ceria solid solution, which was still present after calcination to 1000°C.
The low temperature copper aquo species was interpreted as being similar to that of CU(&O)~~, with the central copper cation in an octahedral complex. Data fitting using the Exwe'92 programme assigned first shell nearest neighbours as 4 oxygen atoms at a distance of 1.88A (for the water molecules in square planar arrangement), and two oxygen5 at a distance of 1.93A (above and below the plane; accounting for a Jahn-Teller distortion). A similar species has been reported with copper doped tin oxide, the aquo species being bonded to the support surface via weak hydrogen bonds through the water molecules [4] . At 300°C, with the copper present in the fluorite structure of the ceria lattice, fitting suggests copper sitting in a cerium ion site within the structure, in an octahedral arrangement with 8 oxygens. Data for samples calcined at higher temperatures still indicates the presence of the solid solution, but fits are poorer due to the formation of the CuO phase (indicated by XRD).
Coprecipitated samples differed from those formed by impregnation only in the as-prepared sample. Here the copper was already incorporated into the ceria lattice as part of the solid solution at the preparation stage. ESR spectroscopy, however, confirmed the presence of more than one copper species in this sample, being similar to the bulk and surface aquospecies obtained with tin oxide supports [4] . The apparance of a triplet signal in the sample calcined at 600°C was also noted, caused by the formation of copper-ion dimem in adjacent metal sites within the ceria latticep].
Catalytic activity
All samples were pretreated under a flow of air at 300°C for 2 hours before testing. Results are tmunarked in table 1. Catalytic activity increased with copper content but decreased with increasing calcination temperature. This can be attri'buted to loss of surface area and deactivation of the copper species present. The 20% loaded sample calcined at 300°C exhibited a light off temperature (the point at which conversion first occurs) of 25OC, with total conversion occuring at 53OC. Once activated the sample could operate at maximum capacity for over 24 hours at ambient temperature. ' once activated by heating to 53"C 4. CONCLUSION The incoqmation of copper into the ceria lattice has a dramatic effect on its ability to oxidize CO to C a . The formation of a solid solution occurs during coprecipitation, or upon heating to 300OC for samples ma& via impregnation. Catalytic activity is improved through the creation of oxygen vacancies within the fluorite structure which leads to increased oxygen mobility. Activity decreases with increasing calcination temperature due to loss of surface area and deactivation of the copper on forming CuO. The solid solution is stable even after heating to 10OO0C.
